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HELICOBACTER PYLORI CAI ANTIGEN PROTEINS 
USEFUL FOR VACCINES AND DIAGNOSTICS 



I, Robin S. Quartin, Registration No. 45,028 certify that this 
correspondence is being deposited with the U.S. Postal Service as 
First Class mail in an envelope addressed to the Assistant 
Commissioner for Patents, Washington, DC. 20231 on 



Reffiin S. Quartin Reg. No. 45,028 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Dear Sir: 



DECLARATION PURSUANT TO 37 C.F.R. § 1.132 



I, Antonio Covacci, do hereby declare as follows: 



1. 

Italy. 



I am the Senior Research Director of the Bioinformatics Unit at Chiron SpA, in Siena, 



2. I am a medical doctor (M.D.) with 1 7 years of experience in bacterial pathogenesis. 

My curriculum vitae is attached hereto as Exhibit A. 



3. I am a co-inventor of the subject matter of U.S. application serial number 09/360,685, 

filed July 26, 1999, entitled "Helicobacter pylori CAI antigen proteins useful for vaccines and 
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PATENT APPLICATION FILED: July 26, 1999 

diagnostics" ("'685 application"). The '685 application claims priority to PCT applications 
PCT/EP93/00158 (filed January 25, 1993) and PCT/EP93/00472 (filed March 2, 1993), both of 
which claim priority benefit of Italian application Serial No. FI92A000052 (filed March 2, 1992). 

4. The invention provides polypeptides of Helicobacter pylori cytotoxin associated 
immunodominant antigen (CagA) 1 , for use, among others, in vaccines. The molecular weight of 
CagA, as reported in the specification for strain CCUG 17874, is 128 kDa. 

5. I have read the Official Action dated October 24, 2000 ("Action"). 

6. In the Action, the Examiner rejected claims 60 and 62, which are directed to methods 
of preparing vaccines comprising recombinant CagA, as obvious over Cover et aL (1990) Infect. 
Immun., 5 8 :603-6 1 0 ("Cover"). The Examiner 5 s argument is based upon the Examiner' s assumption 
that Cover had purified CagA and that Cover had immunized rabbits with a purified CagA protein. 
I respectfully disagree that the claims are obvious over Cover, and that the CagA protein was known. 

7. The problem of purifying and characterizing the CagA protein was very complex at 
the time of the earliest priority date of the c 685 application. The protein had not been purified at the 
priority date of March 2, 1992. All that was known in the art about CagA was (1) it had a high 
apparent molecular weight (120, 128, or 130 kDa; specification at page 2, lines 24 - 3 1), and (2) it 
was associated with H. pylori strains that were cytotoxic (specification at page 6, lines 20 - 26). 



In the specification of the '685 application, H. pylori cytotoxin associated immunodominant antigen 
is referred to as "CAI." However, the current terminology used for this protein is the "cytotoxin-associated gene A" 
or "CagA" antigen. 
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8 . The state of the art regarding the Cag A protein at the time of the earliest priority date 

of the '685 application was remarkably sparse. No amino acid sequence information was available 
(specification at page 2, lines 35 - 36). No one had purified, microsequenced or even analyzed the 
amino acid composition of a K pylori cytotoxin associated immunodominant antigen having a 
molecular weight in the range of 128 kDa. Today we can attribute this to the highly labile and 
unstable nature of CagA. Indeed, to date, there is no report of production of a crystal of CagA 
protein. 



9. Cover added nothing to the sparse body of knowledge regarding CagA. Cover only 

described a 128 kDa band on an immunoblot. Cover could not identify a corresponding band by the 
highly sensitive technique of^silyer staining>and took no steps to purify or sequence any protein 
corresponding to the 128 kDa immunoblot band. \ 



10. We at Chiron ultimately succeeded in purifying the CagA protein. Our success in 

purification of the CagA protein contributed to our success in cloning the CagA gene. Our method 
jpf culturing the H. pylori and preparation of material for gel electrophoresis were optimized to yield 



stable, purified CagA protein. We prepared liquid cultures of K pylori in Brucella broth containing 



fetal bovine serum and cyclodextrin (specification at page 48, lines 16 - 20). Cover did not report 
carrying out this procedure. 



1 1 . Pelleted H. pylori cells from the foregoing were treated with 6M guanidine, loaded 

directly onto acrylamide gels and electrophoresed (specification at page 50, lines 11-12). Cover 
did not report following this protocol. 
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12. The band representing the CagA protein, which was visualized by Coomassie 
staining, was isolated from the gel (specification at page 50, lines 25 - 29). No such steps were 
reported to be taken by Cover. 

1 3 . The CagA protein, thus prepared, was used to immunize mice to generate polyclonal 
antibodies to CagA (specification at page 50, lines 29 - 3 1). Cover did not report carrying out such 
a procedure. These polyclonal antibodies were used in the screening of a library of K pylori Xgtl 1 
expression clones, detecting one positive clone in every 3000 (specification at page 51, lines 3-4 
and 6-7). No such screening was reported as carried out by Cover. 

1 4. It was very difficult to make genomic libraries of H. pylori at the time of the earliest 
priority date of the '685 application. In addition to the A,gtl 1 expression library, from which various 
expression clones of small inserts were identified, our strategy for cloning the entire CagA gene 
included efforts to generate a complete genomic H. pylori library containing large fragments of H. 
pylori DNA. Our initial attempts, using vectors that accommodate large DNA inserts such as 
EMBL4 and XDASH, encountered the same difficulties of others in the art trying to clone H. pylori 
DNA (see specification at page 49, lines 1 7 - 20). The difficulties encountered by others attempting 
to clone K pylori DNA are described at pages 47 - 48 in Taylor (1992) Annu. Rev. Microbiol., 
46:35-64 (attached hereto as Exhibit B). 

15. Furthermore, S. Nooria, a staff scientist at CLONTECH Laboratories, Inc. 
("CLONTECH"), described CLONTECH' s difficulties in attempting to clone H. pylori DNA, in a 
letter dated July 27, 1992 (attached hereto as Exhibit C). We had provided K pylori DNA to 
CLONTECH about 6 months earlier, and asked them to try to carry out the cloning. Although 
CLONTECH tried several cloning systems (the EMBL3 vector and a related Sp6/T7-containing 
vector) and bacterial strains, they failed to make a K pylori library. 
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16. 



We were ultimately successful in generating a partial genomic plasmid library by 



making two important choices. We chose to use (1) the pBluescript vector to make the plasmid 
library, and (2) the E. coli strain DH 10B to propagate the library (specification at page 49, lines 21 - 
25). K pylori has a highly AT-rich genome, and the region of the H. pylori genome that contains 
the CagA gene is extremely unstable in E. coli. The vector system and particular strain of E. coli 
chosen by us are particularly tolerant to AT-rich genomes, contributing to our success. From this 
library, we were able to isolate clones such as B 1 (specification at page 5 1 , lines 14-15, and Figure 
3), which contained the 3 ! half of the CagA gene. The clones identified from the A,gtl 1 library and 
the pBluescript clone Bl were used to determine the complete nucleotide sequence for the CagA 
gene. 

17. I declare that all statements made herein are of my own knowledge true and 

statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under section 1 00 1 of Title 1 8 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 




-5- 



Curriculum Vitae et Studiorum 
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Name: Antonio Covacci 




CD 



rr7 



Home 



Address: Work 
IRIS 

Chiron SpA 
Via Fiorentina, 1 
53100 Siena -Italy 
+39 577 243235 (phone) 
+39 577 243564 (fax) 
antonello_covacci@chiron.it 



Date and Place of Birth: December 14, 1957; Tuscania (VT), Italy 
Social Security Number: 623-40-8755 
Citizenship: Italian 



CO 



Vicolo di Provenzan 
53100 Siena -ITALY 
0577-41875 



Education: 

1995-1997 
1990-1991 
1988 

1977-1988 
1971-1976 



CD 

CD 



a? 

m 

o 
m 



Visiting scholar, Stanford University, Department Microbiology and Immunology 
Postdoctoral scientist, Hormone Research Institute, UCSF 
Practicing Physician Abilitation 

Medical Degree, University of Florence School of Medicine, Florence- Italy 
Scientific Lyceum M P. Ruffini", Viterbo- Italy 



Awards and Honors: 

1 996 Italian Chemical Society Award 

1994 Lepetit Award 

1 990- 1991 American Diabetes Society Fellowship Award 
1988 Graduated Summa cum laude with Special Mention 
1 984- 1 988 Junior Fellow of Sciavo Research Center 

1 976 Diploma Magna cum laude 

1971-1976 Gold Medal " G. Kirner Institute" 

Research Experience: 

2000 Senior Research Director, Head of Bioinformatics Unit, Chiron SpA 

1 998- 2000 Principal scientist 

1994-1998 Project Leader 

Department of Molecular Biology 
IRIS/Chiron, Siena 

1991- 1993 Senior Staff Investigator 
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Department of Molecular Biology 
IRIS/Chiron, Siena 

Postdoctoral Scientist 

Research Advisors: Dr. Douglas Hanahan & Steinunn Baekkeskov 
Hormone Research Institute 
University of California at San Francisco 

Staff Investigator 

Department of Molecular Biology 

Sclavo Research Center, Siena 

Fellow of Sclavo Research Center 
Research Advisor: Dr. Rino Rappuoli 
Department of Molecular Biology 
Sclavo Research Center, Siena 



Publications 

Del Giudice G, Covacci A, Telford JL, Montecucco C, Rappuoli R. The design of vaccines 
against helicobacter pylori and their development. Annu Rev Immunol. 2001 ; 19:523-63. 

Occhialini A, Marais A, Urdaci M, Sierra R, Munoz N, Covacci A, Megraud F. Composition and 
gene expression of the cag pathogenicity island in Helicobacter pylori strains isolated from 
gastric carcinoma and gastritis patients in Costa Rica. Infect Immun. 2001 Mar;69(3): 1902-8. 

Censini S, Stein M, Covacci A. Cellular responses induced after contact with Helicobacter pylori. 
Curr Opin Microbiol. 2001 Feb;4(l):41-6. 

Covacci A. Biological marker for diseases sustained by Helicobacter pylori infection. Dig Liver 
Dis. 2000 Jun-Jul;32(5):384-5. 

Meyer-ter-Vehn T, Covacci A, Kist M, Pahl HL. Helicobacter pylori activates mitogen-activated 
protein kinase cascades and induces expression of the proto-oncogenes c-fos and c-jun. J Biol 
Chem. 2000 May 26;275(21): 16064-72. 

Covacci A, Rappuoli R. Tyrosine-phosphorylated Bacterial Proteins. Trojan horses for the host 
cell. J Exp Med 2000 Feb 21;191(4):587-592 

Stein M, Rappuoli R, Covacci A. Tyrosine phosphorylation of the Helicobacter pylori CagA 
antigen after cag-driven host cell translocation. Proc Natl Acad Sci U S A 2000 Feb 
l;97(3):1263-8 

Vorobjova T, Grunberg H, Oona M, Maaroos HI, Nilsson I, Wadstrom T, Covacci A, Uibo R 
Seropositivity to Helicobacter pylori and CagA protein in schoolchildren of different ages living 
in urban and rural areas in southern Estonia. Eur J Gastroenterol Hepatol 2000 Jan;12(l):97-101 
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d'Abusco AS, Del Grosso M, Censini S, Covacci A, Pantosti A. The alleles of the bft gene are 
distributed differently among enterotoxigenic bacteroides fragilis strains from human sources and 
can be present in double copies. J Clin Microbiol 2000 Feb;38(2):607-12 

Naumann M, Wessler S, Bartsch C 5 Wieland B, Covacci A, Haas R, Meyer TF. Activation of 
activator protein! and stress response kinases in epithelial cells colonized by Helicobacter pylori 
encoding the cag pathogenicity island. J Biol Chem 1999 Oct 29;274(44):3 1655-62 

Wong BC, Lam SK, Ching CK, Hu WH, Ong LY, Chen BW, Gao Z, Chen JS, Jiang XW, Hou 
XH, Lu JY, Wang WH, Ho J, Yuen ST, Lai KC, Kwok E, Hui WM, Covacci A. Seroprevalence 
of cytotoxin-associated gene A positive Helicobacter pylori strains in Changle, an area with very 
high prevalence of gastric cancer in south China. Aliment Pharmacol Ther 1999 
Oct;13(10):1295-302 

Rappuoli R, Pizza M, Covacci A. Metronidazole resistance in Helicobacter pylori. Clin Infect 
Dis. 1999 Apr;28(4):937-9. 

Rugge M, Busatto G, Cassaro M, Shiao YH, Russo V, Leandro G, Avellini C, Fabiano A, Sidoni 
A, Covacci A Patients younger than 40 years with gastric carcinoma: Helicobacter pylori 
genotype and associated gastritis phenotype. Cancer 1999 Jun 15;85(12):2506-1 1 

Klaamas K, Kurtenkov O, Covacci A, Lipping A, Wadstrom T Immune response to a 
recombinant fragment of the CagA protein of Helicobacter pylori in blood donors and patients 
with gastric cancer: relation to ABO(H) blood group phenotype, stage of the disease and tumor 
morphology. Med Microbiol Immunol (Berl) 1999 May;187(4):227-32 

Covacci A, Telford JL, Del Giudice G, Parsonnet J, Rappuoli R Helicobacter pylori virulence 
and genetic geography. Science 1999 May 21;284(5418):1328-33 

Marchetti, M., Rossi, M., Giannelli, V., Giuliani, M.M., Pizza, M., Censini, S., Covacci, A., 
Massari, P., Pagliaccia, C, Manetti, R., Telford, J.L., Douce, G., Dougan, G., Rappuoli, R., 
Ghiara, P. Protection against Helicobacter pylori infection in mice by intragastric vaccination 
with H. pylori antigens is achieved using a non-toxic mutant of E. coli heat-labile enterotoxin 
(LT) as adjuvant Vaccine 16:33-37(1998) 

Figura, N., Vindigni, C, Covacci, A., Presenti, L., Burroni, D. 5 Vernillo, R., Banducci, T., 
Roviello, F., Marrelli, D., Biscontri, M., Kristodhullu, S., Gennari, C, Vaira, D. cagA positive 
and negative Helicobacter pylori strains are simultaneously present in the stomach of most 
patients with non-ulcer dyspepsia: relevance to histological damage. Gut 72:772-778 (1998) 

Rappuoli, R., Lange, C, Censini, S., Covacci, A. Pathogenicity island mediates Helicobacter 
pylori interaction with the host. Folia Microbiol (Praha) 43:275-278 (1998) 

Rudnicka, W., Covacci, A., Wadstrom, T., Chmiela, M. A recombinant fragment of Helicobacter 
pylori CagA affects proliferation of human cells.J Physiol Pharmacol 49:1 1 1-1 19 (1988) 
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Vorobjova, T., Nilsson, I., Kull, K., Maaroos, H.I., Covacci, A., Wadstrom, T., Uibo, R. CagA 
protein seropositivity in a random sample of adult population and gastric cancer patients in 
Estonia. Eur J Gastroenterol Hepatol 10:41-46 (1988) 

Bereswill, S., Fassbinder, F., Volzing, C, Covacci, A., Haas, R., Kist, M. Hemolytic properties 
and riboflavin synthesis of Helicobacter pylori: cloning and functional characterization of the 
ribA gene encoding GTP-cyclohydrolase II that confers hemolytic activity to Escherichia coli. 
Med Microbiol Immunol (Berl) 186:177-187 (1988) 

Covacci, A., Rappuoli, R. Helicobacter pylori: molecular evolution of a bacterial quasi-species. 
Curr Opin Microbiol 1:96-102 (1998) 

Glocker, E., Lange, C, Covacci, A., Bereswill, S., Kist, M., Pahl, H.L. Proteins encoded by the 
cag pathogenicity island of Helicobacter pylori are required for NF-kappaB activation. Infect 
Immun 66:2346-2348 (1988) 
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Kist, M., Pahl, H.L. A secreted/shed product of Helicobacter pylori activates transcription factor 
nuclear factor-kappa B. J Immunol 159:6140-6147 (1997) 
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Helicobacter pylori blood group antigen binding adhesin purified by receptor specificity directed 
affinity tagging. Science 279:373-377 (1998) 
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infection and confers protection against reinfection. Infect Immun 65:4996-5002 (1997) 
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bearing Helicobacter pylori strains detected by anti-CagA assay in patients with peptic ulcer 
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Tricerri, A., Guidi, L., Vangeli, M., Frasca, D., Riccioni, M.E., Covacci, A., Coppola, R., 
Bartoloni, C, Picciocchi, A., Doria, G., Gasbarrini, G. Lymphocyte proliferative response to 
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Table 1 Genes cloned from C«mpyfoW species and Heticobacur species 




C. yV/uni 
C. jejuni 

C. jejuni 

C. jejuni 
C. jejuni 
C, jejuni 
C. colt 
C. jejuni 
C. jejuni 
C. jejuni 

C. fetus 



y Glutamyl kinase iproA) 
y Glutamyl phosphate reductase (proB) 
Serine hydroxylmethyltransferase (glvA) 
0-Isopropylmalate (IPM), dehydrogenase 

UeuB), IPM isoraerases iieuC. leuD) 
Acetylomithinase (argE) 

Arginosuccinase (argH) 
Hagellin (JlaAflaB) 
Ragellin (flaA) 
Ragellin (JlaAflaB) 

Major outer membrane protein (MOMP) 
Ribosomal RNA: I6S, 23S 
tRNA (Ala), tRNA (Leu) 

Surface-array protein {sap A) 



Reverse genetics 6 
Reverse genetics 0 

Reverse genetics* 

Reverse genetics 6 
Agtll + antibody' 
PCR« 

Oligonucleotide probe* 1 
Agtll + antibody' 
Hybridization of rRNA 
Located next to 16S 

rRNA gene 
Agtl 1 + antibody' 



Chromosome 
Chromosome 
Chromosome 
Chromosome 

Chromosome 

Chromosome 
Chromosome 
Chromosome 
Chromosome 
Chromosome 
Chromosome 
Chromosome 

Chromosome 



No 


72; V. L. CW 


No 


72 


Yes 


21, 22 


No 


A. Labigne" 


No 


D. E. Taylor & M. 




Bussiere* 


No 


V. L. Chan* 


Yes 


98, 99 


Yes 


35 


Yes 


48, 77 


No j -j 


138 


No* 


59, 115 


Yes 


116 


Yes 


9 



C. coli 

cuy 

C. coii 
C. coli 
C. coli 
C. jejuni 
H pylori 
H. pylori 

H- pylori 



Chloramphenicol acetyltransferase (cat) 

Ammoglycoside phosphotransferase (aphA-Ii 

Aminoglycoside phosphotransferase <aphA~3) 

AmiDogJycoside phosphotransferase (aphA-7) 

Tetracycline resistance UetO) 

Tetracycline resistance UetO) 

Urease (ureA, ureB) 

Urease (ureA. ureB. ureC. ureD) 

(ureE, urtf, ureQ. urcH) 

26,000-DaJton protein 0 



• nc complete name of the genetic pronerrv that h» 

In preparation. ^ SpCCiei ' eg comptemenunoo of proA and proB mutation*. 

Refen to the constructing n r ~ i:> 



Direct selection 
Direct selection* 
Direct selection* 
Direct selection 11 
Direct selection 11 
Direct selection* 
Agtll + antibody 1 
Urease production 1 " 

Oligonucleotide probe* 



Plasmid 

Chromosome 

Plasmid 

Plasmid 

Plasmid 

Plasmid 

Chromosome 

Chromosome 

Chromosome 



Yes 


120, 155 


Yes 


104 


Yes 


148 


Yes 


144 


Yes 


128 


Yes 


81, 131, 140 


Yes 


28. 29 


Yes 


68 


No 


29a 


Yes 


103 



PenonaJ communication 
'In preparation 
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FAX* (4151 424-1 3B2 

Technlcai/MarKeting 

FAX* (41 St « 4-1 Oft A 

TOTAL « OF PACK j_ 
INCLUOINQ THIS fAOBi 



BB8 H PTROLI .QBMOMT C LIBRARY 




H-SSY *£J # 7 p £* d ^ toy ™ v « r ** to done the h. pyroli 

genomic DNA into the EMBL-3 6£6/1t7 vector", but the result 
wL£*5 has been n «?«**ve. we have not been able to come ut> 

ZtT-^ CV S PJr " ttCh * h «* * *<» ***** then v£a* 

S?««5!««.« Jf* oorry to info *» you that we would have to 
tialllti ff-f hi8 v U8tCm work unt11 oan "P with an 

will •S?2 L i.^ 0rk8 " Huwevfti ' HOT u« A t«iin when we 

2iJ<Sll2S i ? OW * UP u? ith a ««cce S8 fiul solution to thA« 
particular cloning problem. 

We have used both^KW 251 and DH 10B bacterial strains for 
the cloning. Both strains lack mcrA and »er B that make 
Si? ttl ^° f » oth yl*ted DMA feasible . Unfortunately , even 
this did not produce the desired results. 

We look forward to hearing £rom you. 
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